(0010) In some embodiments the first anchoring step comprises expanding the first anchor from a delivery 
configuration to a deployed configuration in which the first anchor engages the coronary sinus. In some embodiments the 
method further comprises locking the first anchor in the deployed configuration. In some embodiments the second 
anchoring step comprises expanding the second anchor from a delivery configuration to a deployed configuration in 
which the second anchor engages the superior vena cava. In some embodiments the method comprises locking the 
second anchor in the deployed configuration. 

[0011] In some embodiments the device may be recaptured after anchoring the device. In some embodiments the 
capturing step comprises advancing a catheter distally over the first anchor to place the first anchor inside the catheter in 
the delivery configuration. In some embodiments the recapturing comprises capturing the second anchor within the 
catheter after the second anchoring step. 

(0012) In preferred embodiments a proximally directed force is applied on the mitral valve annuloplasty device after 
the first anchoring step. 

10013] In some embodiments the device is uncoupled from a delivery tool after the second anchoring step. In some 
embodiments the uncoupling comprises releasing a hitch wire from the device and then removing a tether from the 
device thereby uncoupling the device from the delivery tool. 

INCORPORATION BY REFERENCE 
[0014] All publications and patent applications mentioned in this specification are herein incorporated by reference in 
their entirety to the same extent as if each individual publication or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The novel features of the invention are set forth with particularity in the appended claims. A better 
understanding of the features and advantages of the present invention will be obtained by reference to the following 
detailed description that sets forth illustrative embodiments, in which the principles of the invention are utilized, and the 
accompanying drawings of which: 

[0016] Figure 1 is shows an embodiment of the invention anchored in the heart. 
[0017] Figure 2 is a superior view of the heart with the atria removed. 

[0018] Figure 3 illustrates a distal anchor of the present device anchored in the coronary sinus. 

[0019] Figure 4 illustrates one method of deploying an intravascular support. 

[0020] Figure 5 illustrates one embodiment of the intravascular device. 

[0021 ] Figure 6 details a distal end of an intravascular device. 

[0022] Figure 7 illustrates a coupler coupled to an intravascular device. 

[0023| Figure 8 illustrates a delivery tool for delivering the intravascular device. 

DETAILED DESCRIPTION OF THE INVENTION 
[0024] The present invention relates to a medical device and uses thereof that supports or changes the shape of tissue 
near a vessel in which the device is placed. The present invention is particularly useful in reducing mitral valve 
regurgitation by changing the shape of or supporting a mitral valve annulus. In preferred embodiments, the device 
comprises a distal anchor adapted to be anchored in the coronary sinus and a proximal anchor adapted to be anchored in 
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the superior vena cava, with a support structure disposed between the anchors. The length and diameter of a coronary 
sinus differ from patient to patient, and it is desirable for an intravascular device to function effectively in all patients, 
regardless of these differences. By anchoring the proximal anchor in the superior vena cava, the distal anchor may be 
positioned in the coronary sinus at a desired location to reduce mitral valve regurgitation without producing other 
adverse consequences to the patient. The superior vena cava anchor helps the intravascular device remain locked in 
place without limiting the coronary sinus anchor's available anchor locations. A patient-independent device is thus 
created. Although the embodiments of the invention described are designed to support a mitral valve annulus, those 
skilled in the art will appreciate that the invention is not limited to such a use. 

|0025] Figure 1 is a posterior, view of the heart 400 showing one embodiment of the invention with distal anchor 120 of 
intravascular device 100 anchored in coronary sinus 416, while proximal anchor 140 of intravascular device 100 is 
anchored in superior vena cava 418. Support structure 102 is disposed between the anchors. 
|0026] Figure 2 is a superior view of the heart 400 with the atria removed. As pictured, the heart comprises several 
valves including mitral valve 402, pulmonary valve 404, aortic valve 406 and tricuspid valve 408. Mitral valve 402 
includes anterior cusp 410, posterior cusp 412, and annulus 414. Annulus 414 encircles cusps 410 and 412 and functions 
to maintain their respective spacing to ensure complete mitral valve closure during left ventricular contractions of the 
heart 400, As illustrated, coronary sinus 416 partially encircles mitral valve 402 and is near mitral valve annulus 414, 
Coronary sinus 416 is part of the venous system of heart 400 and extends along the AV groove between the left atrium 
and the left ventricle. This places coronary sinus 416 essentially within the same plane as mitral valve annulus 414, 
making coronary sinus 416 available for placement of an intravascular device in order to affect mitral valve geometry 
and to restore proper valve function. 

[0027] Figure 3 illustrates one embodiment of distal anchor 120 of intravascular device 100 deployed and anchored 
within coronary sinus 416, Support structure 102 is disposed between distal anchor 120 and a proximal anchor (not 
shown) which is anchored in the superior vena cava (not shown). 

[0028 1 Figure 4 illustrates one embodiment of delivering the intravascular device of the present invention to a desired 
location within a patient's body. An incision 80 is made in the patient's skin to gain access to a blood vessel. The blood 
vessel may be, for example, the jugular vein. A guide catheter 2 1 0 is advanced through the patient's vasculature until its 
distal end is positioned near the desired location for the intravascular device. After positioning the guide catheter 210, a 
delivery catheter and advancing mechanism 310 are inserted through the guide catheter 210 to deploy the intravascular 
device at the desired location in the patient's body. In preferred embodiments, the delivery catheter is advanced until its 
distal end is inside the coronary sinus. Further detail regarding a suitable delivery system and advancing mechanism are 
described in commonly assigned U.S. Patent Application Serial No. 10/946,332, filed September 20, 2004. 
[0029| In preferred embodiments, the distal end of the intravascular device is delivered to a location within the 
coronary sinus. The distal anchor is then deployed from the delivery catheter, then expanded to engage the coronary 
sinus wall and locked in place within the vessel. A proximal cinching force is then applied on the distal anchor from, for 
example, a tether connected to a delivery device as described herein below, until an appropriate amount of reshaping of 
the mitral valve or other tissue has occurred. While maintaining the cinching force, the proximal anchor is deployed from 
the delivery catheter, expanded and locked in an expanded configuration. A tether, for example, as described below, can 
then be released from the intravascular device. 
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I0030| In some embodiments the length of the intravascular device is between about 10 cm and about 20 cm. In 
preferred embodiments the length of the intravascular device is between about 12 cm and about 18 cm. In more preferred 
embodiments the length is about 15 cm. 

[0031] Figure 5 illustrates one embodiment of an intravascular device in accordance with the present invention. The 
intravascular device 100 includes a distal anchor 120, a proximal anchor 140 and a connector or support structure 102 
extending between the anchors. In this embodiment, the support structure 102 has a first portion 104 formed from nitinol 
wire or other biocompatible material extending between a distal crimp 108 and a proximal crimp 1 12. A second portion 
of the support structure is a substantially flat ribbon section 106 extending between distal crimp 108 and a central crimp 
130. A bent portion 107 of ribbon section 106 interacts with wire portion 104 to form a distal anchor lock 1 10. Distal 
lock 110 interacts with a distal lock loop 122 to secure the distal anchor in an expanded configuration. Proximally 
located to proximal crimp 1 12 is an arrowhead-shaped proximal lock 1 14 that interacts with proximal lock loop 142 to 
lock the proximal anchor 140 in place in a manner described herein. Expanded proximal and distal anchors 140 and 120 
are configured in a figure-8 pattern as is shown in Figures 5 and 6. 

|0032] As is shown in Figures 5 and 6, the wire forming the distal anchor 120 has one end positioned within the distal 
crimp 108. After exiting the distal end of the distal crimp 108, the wire forms a figure eight configuration by bending 
radially outward from the longitudinal axis of the distal crimp 108 and distally from the distal crimp 108. The wire then 
bends back proximally and radially inward and crosses the longitudinal axis of the distal crimp 108 to form one leg of 
the figure eight. The wire is then bent around the longitudinal axis of the support structure 102 to form a distal lock loop 
1 22 before extending radially outwards and distally back over the longitudinal axis of the distal crimp 108 to form the 
other leg of the figure eight. Finally, the wire is bent proximally into the distal end of the distal crimp 108, forming the 
distal anchor 120. The distal ends 124 of the distal anchor wire may extend down from crimp 108 to provide for strain 
relief while the anchor is compressed for storage or delivery. Details of this feature may be found in U.S. Application 
Serial No. 1 1/275,630, filed January 19, 2006. 

[0033] The distal anchor is expanded by sliding the distal lock loop 122 from a position proximal to the distal lock 1 10 
to a position that is distal to the distal lock 1 10 as can be seen in Figures 5 and 6. The distal lock 1 10 provides camming 
surfaces for a locking action. Distal sliding of distal lock loop 122 over distal lock 1 10 pushes these camming surfaces 
inward to permit loop 122 to pass distally over lock 1 10, then return to their original spacing to retain loop 122 in a 
locked position. 

[0034] The dimensions of the distal and proximal anchors are selected to effectively engage the walls of the lumens in 
which they are deployed. In some embodiments, the deployed height of the distal anchor is between about 7 mm and 
about 18 mm. When treating mitral valve regurgitation by placing the distal anchor of the intravascular device in the 
coronary sinus, the diameter of the vessel may expand over time post-deployment. Creating an oversized anchor 
combined with the inherent deformability and recoverability properties of the anchor material (particularly nitinol or 
some other shape memory material as described herein) enables the anchor to continue to expand from its initial 
deployment size as the lumen distends and expands over time. The wire used to form the distal anchor 1 20 is preferably 
formed of a biocompatible, elastic wire such as stainless steel or a shape memory material such as nitinol having a 
diameter of between 0.01 10 inches and 0.020 inches and most preferably about 0.0160 inches. 
[0035] At the proximal end of the intravascular support 100 is a proximal anchor 140 that is preferably formed of a 
biocompatible, elastic wire such as stainless steel or a shape memory material such as nitinol. As shown in Figure 5, the 
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proximal anchor 140 in one embodiment is made of a single length of wire having a first end positioned within a 
proximal crimp 112. The wire extends distally from the proximal crimp 1 12 and bends radially outward from the 
longitudinal axis of the proximal crimp 1 12 before being bent proximally and crossing the longitudinal axis of the 
proximal crimp 1 12 in order to form a first leg of a figure eight configuration. The wire is then bent to form a proximal 
double loop eyelet 142 around the longitudinal axis of the support structure 102 wherein the proximal lock loop!42 has a 
diameter that allows it to be forced over the proximal lock 1 14. After forming the proximal lock loop 142, the wire 
extends radially outward from the longitudinal axis of the proximal crimp 1 12 before being bent distally over and across 
the longitudinal axis of the proximal crimp 1 12 to form the second leg of a figure eight. Finally, the wire is bent 
proximally and extends into the distal end of the proximal crimp 1 12. The proximal side of proximal anchor 140 may be 
provided with variable- slope recapture features, as described in U.S. Patent Application Serial No. 10/429,1 72, filed May 
2, 2003. 

[0036] Similar to the distal anchor, the proximal anchor is expanded and locked by sliding the proximal double loop 
eyelet of the proximal anchor from a position proximal to the proximal lock 1 14 to a position that is distal to the 
proximal lock 1 14. The proximal lock 1 14 has an "arrowhead" shape whereby it is easier to advance the proximal lock 
loop 142 over the lock in the distal direction than to retrieve the proximal lock loop 142 over the proximal lock 1 14 in 
the proximal direction. Distal movement of proximal lock loop 142 cams the proximal surfaces radially inward to permit 
loop 142 to pass distally of the proximal lock 1 14, then return to their original spacing to keep proximal lock loop 142 in 
a locked position. 

|0037] In a preferred embodiment, the proximal anchor has a larger radius of curvature than the distal anchor because it 
is designed to fit within a larger diameter vessel, for example, the superior vena cava. The proximal anchor is configured 
so as to engage the walls of the superior vena cava. In some embodiments, the deployed height of the proximal anchor is 
between about 1 8 mm and about 40 mm. Similar to the distal anchor, combining an oversized proximal anchor with the 
inherent deformability and recoverability properties of the anchor material (particularly nitinol or some other shape 
memory material as described herein) enables the proximal anchor to continue to expand from its initial deployment size 
as the vessel wall may distend and expand over time. 

[0038] Upon expansion, the proximal anchor circumferentially engages the superior vena cava wall with a radially 
outwardly directed force that is distributed unequally around the circumference of the anchor by distending the vessel 
wall in variable amounts along the axial length of the proximal anchor. Similar to the distal anchor, the unequal 
distribution of force being applied helps the proximal anchor contact the lumen wall securely by creating bumps and 
ridges that are not parallel to the central axis of the vessel. Further details regarding expandable anchors for intravascular 
devices may be found in U.S. Patent Application Serial Nos. 10/429,172, filed May 2, 2003, and 1 1/275,630, filed 
January 19, 2006. 

[0039] The support structure has a length that is selected based on its intended destination within a patient's vessel. For 
use in supporting a mitral valve, the support structure is preferably between about one and about six inches long and has 
a curved bend between its proximal end and distal end with a radius of curvature between about one and about six 
inches, or more preferably between about two and about five inches and with a radius of curvature of between about one 
inch and about three inches, or more preferably between about three and about four inches with a radius of curvature of 
between about 1.3 inches and about 1.5 inches. In some embodiments, the radius of curvature is greater than two, three, 
or four inches, and in other embodiments it is less than two, one, or 0.5 inches. In addition, the wire used to form the 
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support structure is flexible enough to bend within the vasculature upon each heartbeat (thereby changing the force 
applied to the mitral valve annulus during the heartbeat) and at the same time strong enough to support the mitral valve. 
In one embodiment, the wire used to form the support structure is made of nitinol having a modulus of elasticity of about 
5 to about 20 x 10 6 psi and a cross-sectional area between about 9.5 x 10" 5 in 2 to about 5.9 x 1 0' 4 in 2 and most preferably 
about 5.9 x 10* 4 in 2 . Other shape memory materials may be used for support structure as well. 

[0040| In one embodiment of the invention, the distal and proximal crimps are oriented such that the axes of the crimps 
are offset with respect to each other by an angle of at least about 10, about 15, about 20, about 25, or about 30 degrees. 
The offset helps the support structure seat itself in the coronary sinus surrounding the mitral valve. However, proximal 
and distal crimps may be offset by more or less depending upon the anatomy of the intended destination of the anchors. 
|0041 1 In some embodiments, the wires comprising the anchors and the support structure are not the same. The anchors 
may be attached to the support structure by an attaching wire, such as nitinol wire or other shape memory material. The 
attaching wire may be spiral wrapped around the base of each anchor and further wrapped around the support structure to 
attach the anchors to the support structure. In another embodiment, each anchor may be attached to the support structure 
by wrapping an end of the anchor wire around the support structure. In yet another embodiment, the two anchors and the 
support structure may be made from a single wire, such as nitinol wire or other shape memory material. In any of the 
embodiments herein, the support wire may be coated with a biodegradable material that allows for additional contraction 
or other shape adjustment after it bends. 

[0042] In some embodiments the intravascular device comprises a coupler adapted to couple the intravascular device to 
a delivery tool. Figure 7 illustrates an exemplary coupler in accordance with the present invention. A coupler comprises a 
loop 202 at the end of tether 201 and a hitch wire 204. Loop 202 extends through proximal lock 1 14, and the hitch wire 
204 passes through loop 202 and into the proximal crimp 104, thereby preventing loop 202 from being withdrawn from 
proximal lock 1 14. 

|0043) Figure 8 shows an exemplary delivery tool 300 that may be used to deliver and deploy an intravascular device 
100 via a catheter (not shown). Details of the operation of delivery tool 300 may be found in U.S. Patent Application 
Serial No. 10/946,332, filed September 20, 2004. 

|0044] Again referring to Figure 7, an exemplary method of performing mitral valve annuloplasty on a patient's heart 
is described. As indicated above, the intravascular device 100 is preferably loaded into and delivered to a desired 
location within a catheter 200 with the proximal and distal anchors 140 and 120 in a delivery or collapsed condition. 
That is, the distal lock loop 122 of the distal anchor 120 is positioned proximally to the distal lock 1 10 and the proximal 
lock loop 142 of the proximal anchor 140 is positioned proximally to the proximal lock 1 14. Medical personnel may 
deploy the distal end of the intravascular device 100 from the catheter 200 into the lumen of a coronary sinus by 
advancing the intravascular device 100 or by retracting the catheter 200, or a combination thereof. A delivery tool (such 
as that of Figure 8) may provide for distal movement of the intravascular device 100 with respect to catheter 200, and a 
tether 201 may provide proximal movement of the device 100 or for maintaining the position of the intravascular device 
100 relative to distal motion of a catheter 200. Because of the inherent recoverability of the material from which it is 
formed, the distal anchor 120 begins to expand as soon as it is deployed from the catheter 200. Using the delivery tool, 
the distal lock loop 122 of the distal anchor is moved distally over the distal lock 1 10 so that the distal anchor 120 further 
expands and locks in place to securely engage the coronary sinus wall and remains in the locked expanded configuration. 
Next, the intravascular device 100 is tensioned by pulling on the tether to apply a proximally-directed cinching force on 
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the distal anchor 120, thereby modifying the shape of the coronary sinus and adjacent nearby valve annulus tissue. 
Fluoroscopy, ultrasound or other imaging technology may be used to detect when the device modifies the shape of the 
mitral valve annulus sufficiently to reduce mitral valve regurgitation without otherwise adversely affecting the patient. A 
preferred method of assessing efficacy and safety during a mitral valve procedure is disclosed in co-pending U.S. Patent 
Application Serial No. 10/366,585, filed February 12, 2003. Once the device has been sufficiently cinched, the proximal 
anchor 140 is deployed from the catheter to begin expansion. In preferred embodiments, the proximal anchor is deployed 
in the superior vena cava to at least increase the possible locations in which the distal anchor may be positioned. The 
proximal lock loop 142 of the proximal anchor 140 is advanced distally over the proximal lock 1 14 by the delivery tool 
to further expand and lock the proximal anchor 140, thus engaging the superior vena cava wall and maintaining a 
cinching force of the device on the mitral valve annulus. Finally, the coupler that couples the intravascular device to a 
delivery tool can be released. A hitch wire 204 is first withdrawn (by, for example, a hitch wire actuator of the delivery 
tool of Figure 8), thereby releasing the loop 202 so it can be pulled through the proximal lock 1 14, and thereby 
uncoupling the intravascular device from the delivery tool. 

|0045] In some embodiments it may be necessary to move or remove the intravascular device after deployment by 
recapturing the device into a catheter. After the distal anchor is deployed and prior to initial deployment of the proximal 
anchor, the distal anchor may be recaptured into the delivery catheter by holding the intravascular device in place with a 
the tether while advancing the catheter distally over the distal anchor so that the entire intravascular device is once again 
inside the catheter. The distally directed force of the catheter collapses the distal anchor into its delivery configuration to 
ease recapture into the catheter. In some embodiments the tether may be used to pull the intravascular device proximally 
while holding the catheter stationary. Either motion, or a combination of motions, may be used to recapture the distal 
anchor. Similarly, after deploying the second anchor but prior to releasing the coupler as described above herein, the 
intravascular device may be captured into the delivery catheter by holding the device in place with the tether while 
advancing a catheter distally first over a proximal anchor, over the support structure, and finally over a distal anchor. The 
distally directed force of the catheter collapses the anchors such that they can again fit within the catheter in their 
delivery configuration. The tether may also be used to pull the device proximally. while holding the catheter stationary. If 
the coupler has been detached from the device prior to capture, the device may be recaptured into the delivery catheter or 
another catheter by grasping the proximal end of the device with a tether or grasper and by advancing the catheter 
distally over the device. Any of these methods allow for repositioning one or both anchors as well as repositioning the 
entire intravascular device as may be required. 

[0046] While preferred embodiments of the present invention have been shown and described herein, it will be obvious 
to those skilled in the art that such embodiments are provided by way of example only. Numerous variations, changes, 
and substitutions will now occur to those skilled in the art without departing from the invention. It should be understood 
that various alternatives to the embodiments of the invention described herein may be employed in practicing the 
invention. It is intended that the following claims define the scope of the invention and that methods and structures 
within the scope of these claims and their equivalents be covered thereby. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A device for performing percutaneous mitral valve annuloplasty comprising: 

a first anchor adapted to be deployed by a catheter to engage a wall of a coronary sinus; 

a second anchor adapted to be deployed by the catheter to engage a wall of a superior vena cava; and 

a support structure disposed between and operatively connecting the first anchor and the second 

anchor. 

2. The device of claim 1 further comprising an anchor lock adapted to lock the first anchor in an expanded 

configuration. 

3. The device of claim 1 further comprising an anchor lock adapted to lock the second anchor in an expanded 

configuration. 

4. The device of claim 1 further comprising a coupler adapted to couple the device to a delivery tool. 

5. The device of claim 4 wherein the coupler comprises a tether and a hitch wire. 

6. The device of claim 4 wherein the coupler is further adapted to release the device from the delivery tool. 

7. The device of claim 1 wherein the device is adapted to be recaptured by the catheter. 

8. A method of performing mitral valve annuloplasty on a patient's heart comprising: 

anchoring a first anchor of a mitral valve annuloplasty device in a coronary sinus; and 
anchoring a second anchor of the mitral valve annuloplasty device in a superior vena cava, 
the mitral valve annuloplasty device further comprising a support structure disposed between and 
operatively connecting the first and the second anchors. 

9. The method of claim 8 further comprising delivering the mitral valve annuloplasty device 

endovascularly. 

10. The method of claim 9 wherein the delivering step comprises delivering the device to a patient's heart via 

a catheter. 

1 1 . The method of claim 8 wherein the first anchoring step comprises expanding the first anchor from a 

delivery configuration to a deployed configuration in which the first anchor engages the coronary 
sinus. 

12. The method of claim 1 1 further comprising locking the first anchor in the deployed configuration. 

13. The method of claim 8 wherein the second anchoring step comprises expanding the second anchor from a 

delivery configuration to a deployed configuration in which the second anchor engages the superior 
vena cava. 

14. The method of claim 13 further comprising locking the second anchor in the deployed configuration. 

15. The method of claim 10 further comprising capturing the first anchor within the catheter after the first 

anchoring step. 

16. The method of claim 15 wherein the capturing step comprises advancing a catheter distally over the first 

anchor to place the first anchor inside the catheter in the delivery configuration. 

17. The method of claim 10 further comprising capturing the second anchor within the catheter after the second 

anchoring step. 

18. The method of claim 17 wherein the capturing step comprises advancing a catheter distally over the second 
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anchor to place the second anchor inside the catheter in the delivery configuration. 

19. The method of claim 8 further comprising applying a proximally directed force on the mitral valve 

annuloplasty device after the first anchoring step. 

20. The method of claim 8 further comprising uncoupling the device from a delivery tool after the second 

anchoring step. 

2 1 . The method of claim 20 where the uncoupling comprises releasing a hitch wire from the device and 

removing a tether from the device thereby uncoupling the device from the delivery tool. 
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MITRAL VALVE ANNULOPLASTY DEVICE WITH VENA CAVA ANCHOR 



ABSTRACT OF THE DISCLOSURE 
[0047] The present invention relates to a medical device and uses thereof that supports or changes the shape of tissue 
near a vessel in which the device is placed. The present invention is particularly useful in reducing mitral valve 
regurgitation by changing the shape of or supporting a mitral valve annulus. The device includes a support structure, a 
proximal anchor adapted to be positioned in a superior vena cava, and a distal anchor adapted to be positioned in a 
coronary sinus. The support structure engages a vessel wall to change the shape of tissue adjacent the vessel in which the 
intravascular support is placed. 
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